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The aim of this paper is to analyse productive efficiency behaviour in the 15 
European Union Member States (EU) from 1980 to 2001. To carry out this research, a 
stochastic frontier model has been used, making it possible to study the role of public 
investment in infrastructures and education.  We introduce these capitals in the function to 
be estimated and take into consideration allocation criteria in European countries as 
determinants of productive efficiency. Findings confirm the positive influence of public 
capital on production and the investment effort in education on the improvement of 
efficiency, as well as the existence of a technological catch-up effect among countries. 
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1. INTRODUCTION. 
  The last few years have given rise to a considerable amount of research analyzing the 
importance of productive efficiency as both a source of output growth and economic 
convergence.   The productive efficiency level is determined by the difference between the 
maximum technically attainable output and that which is actually observed, and its 
measurement thus involves the estimation of a technological production frontier
1.  Such 
frontier make possible to compare the units studied and contrast the determinants of the 
results. The calculation of productive efficiency has been carried out in firms as well as in 
the whole of the economy.  The former have attempted to identify the conditioning factors of 
efficiency among the internal and external characteristics of the firm, such as size, degree of 
market competitiveness, and the latter have mainly aimed at an analysis of the influence of 
public instruments on efficiency levels.  
Infrastructure endowments and human capital have being included in the second 
group, since they receive an outstanding portion of public resources, given the economic 
effects they generate. We should highlight the recent publication of studies on the role 
played by these types of capital using frontier techniques (Puig-Junoy, 2001, with public 
capital, and Maudos et al., 1999, with human capital), bringing forth evidence as to its 
favorable effect on productive efficiency. There are considerably fewer studies that include 
both types of capital  (Maudos et al., 1998 and  Pedraja et al,. 2002).    
Given the interest in the productive efficiency, this paper will attempt to analyze two 
interrelated questions: in the first place, its behavior in the European countries between 1980 
and 2001. This period coincides with the intensification of the process of economic and 
                                                                  
1 Farrel’s seminal study (1957) initiates the considerable amount of literature dealing with the measurement of 
economic  inefficiency and the development of frontier techniques. In non-frontier approximations, it is 
assumed that all production units are equally efficient, leading to biased estimations in the presence of 
inefficiency.   3 
monetary integration in the European Union, accompanied not only by an increase in 
exchanges of goods and services, but also and more importantly, by technological diffusion
2. 
With this objective in mind, and differently from previous research, we opted for the use of  
a stochastic frontier to measure productive efficiency, introducing public capital and human 
capital in the function to be estimated.  Thus avoiding the possible bias derived from the 
assumption that all economic units are efficient and the omission of relevant inputs. We 
employed Battese and Coelli’s model (1995), enabling us to introduce temporal variation in 
the inefficiency term and determine the factors that may explain its behaviour.  We focus in 
this study on the criteria used to allocate public capital and human capital in European 
countries.   
The second question and of great importance in order to interpret the differences in 
economic growth among European countries, it is to what degree the integration achieved 
through technological diffusion can alter the dynamics of economic convergence. We shall 
thus attempt to contrast the existence of productive efficiency convergence (a technological 
catch-up effect
3) among European countries and establish the role of public capital and 
human capital in each country. Technological approximation is far from being an automatic 
process; rather, it is a process that depends upon the capacity of each country to incorporate 
advanced technologies and adapt them to their productive processes. The existence of 
conditional convergence could give rise to a situation in which each territory would tend to 
converge towards its own stationary state, possibly very different one from the other. 
Therefore, we would find a persistence of relative positions. Such a situation would justify 
                                                                  
2 Economic integration during the eighties and nineties was accompanied by a significant increase in flows of 
direct intra -community investment and merger and takeover processes (European Economy, several years). 
3 An important determinant of the convergence process is the effect of technological catch-up pointed out by 
Abramovitz (1986), De la Fuente (2002) and Paci  et al., (2002).   4 
the implementation of active regional policies that attempt to correct, in the long term, the 
factors responsible for these differences.  
This paper is structured as follows.  Section two will briefly describe data dealing 
with public capital and human capital used. Section three contains the introduction to the 
model employed to estimate the productive efficiency in European countries and the results. 
In Section four the catch-up effect is contrasted. The final section summarizes the findings 
of this research. 
 
2. PRODUCTIVE PUBLIC CAPITAL AND CAPITAL INVESTED IN EDUCATION 
IN THE EU-15 COUNTRIES. 
The Public Administrations of European countries have maintained an active role 
promoting supply policies for increasing existing endowments in public capital and 
education. The interest in evaluating such actions in regional policies has resulted in studies 
that examine the criteria for public investment allocation and evaluate the attained stocks.   
Capital endowments have been highlighted in studies on growth, where the attention 
has largely focused more on private capital than on public and human capital. One of the 
justifications for this is the lack of compatible series for the three stocks that include a 
sufficient number of countries and greater periods of time
4. For this reason, in this paper we 
have elaborated a homogeneous data base with abundant information concerning European 
economies during the period 1980-2001. We have used as an estimation method the 
Permanent Inventory Method, frequently employed in economic capital estimations.   
The estimation of productive physical capital and its division into private and public 
capital has normally been carried out in monetary terms. In this paper we have used 
                                                                  
4 This situation is changing with the creation of data bases: the  Business Sector Data Base (BSDB), the 
National Accounts and Economic Outlook, Education at a glance  published by the OECD.   5 
investment series by sectors included in the data base NEW CRONOS published by 
Eurostat. The availability of this data has made it possible to evaluate private and public 
capital in constant monetary terms, homogenized with the Purchasing Power Parity Standard 
(dollar PPS) in 1990. In addition, the New Cronos data base also contains information 
concerning gross value added (GVA) at market prices and in the same terms, an added 
benefit of the use of this stock data.      
As to human capital, most of the analyses carried out have used the school enrolment 
rate  in the different educational levels (Mankiw, Romer y Weil, 1992) and the worker’s 
average number of years of schooling (Benhabib and Spiegel, 1994) as approximations of 
this stock. In opposition to these alternatives based on academic findings, in this paper we 
have elaborated a human capital measure that attempts to present the investment effort that 
Public Administrations have carried out.  In this estimation, we have made use of 
information regarding spending on education taken from OECD publications
5, expressed in 
national currency and at current prices, transformed in the same terms as the rest of the 
variables, using the deflactor of public consumption and the OECD’s PPS. The use of this 
type of data facilitates the homogenization of the different levels of education and introduces 
information concerning the differences in quality among educational systems. However, a 
problem arises due to the fact that we are assuming that the spending for each educational 
level has the same capital endowment
6. 
Chart 1 shows the average distribution of public capital and human capital in the EU-
15 for the period. The results show considerable differences in levels among countries that 
                                                                  
5 NEW CRONOS from Eurostat offers in CD-ROM information concerning the series of investments by 
sectors. On the contrary, information from the OECD concerning spending on education can be obtained on 
CD-ROM only for the last few years. Therefore, the information used has been extracted from OECD 
publications in paper version: Educational Statistics in OECD Countries (1981), Public Educational 
Expenditure, Costs and Financing:  An Analysis of Trends (1970-1988) (1992) y Education at a  glance 
(Several years). 
6 This problem is also present in many of the indicators elaborated using the aggregation of academic results.    6 
are similars in both capitals.  A partial explanation of these differences stems from the role 
of the Public Administration and the limits established for public deficits, forcing a 
reduction in the growth of investment during the nineties. 
  The countries that have maintained greater public investment capacity in relation to 
their productive activity and population are Austria, Belgium, Luxembourg and Denmark, 
giving rise to a high public capital/private capital ratio; Ireland, Sweden and the United 
Kingdom are in a contrary situation. As to average human capital in European countries, the 
important investment effort that these economies have maintained during the last few 
decades has allowed them to obtain an important increase of this capital. Among the 
countries that have obtained greater relative endowments, we find Austria, Belgium, 
Netherlands and Denmark, as opposed to Greece, Spain and Portugal which, despite the 
increase in the last few years in expenditure over GVA for this item, have been unable to 
situate themselves within the European average. 
 
3. ESTIMATION OF PRODUCTIVE EFFICIENCY IN EU COUNTRIES. 
According to Farrel’s classic definition (1957), an economy is considered to be 
technically efficient if it obtains the maximum attainable output given the inputs used and 
the technology. Econometrically, several approaches may be used to estimate the production 
frontier and the inefficiency term. In this paper we have used the parametric and stochastic 
frontier approach
7, where the deviation between the observed output level and the maximum 
possible is made up of two components: an error term ( vit,) that indicates the effect of 
variables that are not under the control of the analyzed productive unit, errors in the 
measurement of variables and other statistical noise, that include habitual characteristics iid, 
                                                                  
7 See Gumbau and Maudos (1996) and Gumbau (1998) for a detailed description of the stochastic production 
frontiers and their main advantages and limitations as compared with other frontier estimation techniques.    7 
N(0,s
2
v) and independently distributed from the second term (uit) assuming that it represents 
the degree of inefficiency, situating the level of production below the maximum output 
defined by the frontier. For this reason, it is necessary to specify an asymmetric distribution 
for this term. 
In addition, the availability of a data panel for the 15 EU countries makes it possible 
to develop production frontier applications that solve many of the problems related to earlier 
models
8.  In this research, we have used B attese and Coelli’s model, (BC from now on) 
enabling us to analyze the determinants of the evolution of the productive inefficiency of a 
productive unit in terms of a set of explicative variables that are out of its control and that, in 
addition, may vary over time.  
  The functional form of the production frontier adopted is a  transcendental 
logarithmic production function.  This choice is based on the flexibility of this function to 
adapt to any type of productive technology, making it unnecessary to impose restrictions a 
priori on scale performance.   Thus the function that will represent the production of EU 
countries and the equation of inefficiency for each one of them is as follows: 
￿ ￿￿
= = =
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Where  it Y  is the product (presented by the Gross Value Added at market prices and 
in 1990 purchasing power parity) and  it X  is a vector representing the inputs taken into 
                                                                  
8 The assumption of invariant efficiency over time has been one of the most restrictive assumptions in the 
models developed, giving rise to a series of alternatives to introduce temporal variability in the technical 
inefficiency term.   8 
consideration
9:  j, h = L (employment), KPRIV (private capital), KPUB (public capital)  y 
KEDU (human capital). The statistical source for the GVA pm of the private sector and 
private employment (excluding final production and employment in the service sector not 
for sale) is the New Cronos data base, and the variables for capital in this paper are 
specified in the previous section and can be found in Alvarez and Delgado (2002).  
Technical progress is included using an additional regressor (t) that represents the temporal 
tendency,  it v  is the random error and  it u  represents the inefficiency term. This is defined in 
the following equation: 
￿ ￿
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 Apart from public capital and human capital as additional explicative factors in the 
production function, two variables related with capital allocation criteria in European 
countries have been included in the inefficiency equation: the ratio between stocks of public 
and private capital (KPU/KPRIV)
 and the participation of spending on education in  the 
GDP (EDU/Y). European Public Administrations have played an active role promoting 
public policies to adapt and equate economic conditions in European countries. The effects 
of these actions on economic efficiency have not usually been taken into consideration, but 
they may affect aggregate economic growth. Individual and temporal dummies have also 
been introduced in order to control unobserved differences between countries and time 
periods, given the fact that these components may also influence efficiency. Finally, the 
random error, it W , has been introduced.  
                                                                  
9 The continuous revisions of the New Cronos data base published by Eurostat in an electronic format 
conditions the presentation and the available information.    9 
The equations (1)-(2) have been estimated simultaneously with Maximum 
Likelihood
10.  The contrasts of the specification used is presented in Chart 2 and the results 
obtained in the estimation of the model are shown in Chart 3. The importance of justifying 
the use of this methodology determined the inclusion of a series of  likelihood ratio contrasts 
(ë
11), in order to verify the correct functional form. In the first contrast, the null hypothesis 
that the Cobb-Douglas functional form has advantages over the translogarithmic function is 
rejected. Subsequently, the inexistence of productive inefficiency in the error term is 
contrasted; the rejection of the hypothesis that the parameter ã is equal to zero
12 confirms the 
importance of including productive inefficiency in the production function, in addition to the 
fact that a function of average production presents an inadequate representation of the data. 
The third contrast takes into account the fact that the inefficiency equation is not a function 
of the regressors being considered. Since this hypothesis is rejected, the significance of the 
variables that explain productive inefficiency is confirmed. The significance of individual 
and temporal effects is also confirmed, as well as all the determinants of inefficiency as a 
whole.  
Since all the null hypotheses are rejected, the stochastic frontier model is estimated 
specifying the proposed translogarithmic production function and the inefficiency equation. 
The BC model allows us to consider public capital and human capital as inputs of the 
production function
13 and determine whether the differences in public policy criteria in 
                                                                  
10  We estimate the model using the program Frontier 4.1.(Coelli, 1996). 
11 The statistic ë is calculated as: 
        ë = -2 [log(f.likelihood(H0))-log(f.likelihood(H1))], 
that is distributed by a chi-square with degrees of freedom equal to the number of parameters that are equal to 
zero in the null hypothesis. 
12 In the contrast in which the null hipótesis considers  0 = g , the statisticl follows a mixed chi-square 
distribution Thus, the critical values are obtained in  Kodde and Palm (1986), Table 1, page 1246. 
13 The posible endogeneity of some of the regressors considered in the production function is difficult to 
contrast in a frontier technique context. Nevertheless, much of the literatura demonstrates that there is no 
serious simultaneity problem between variables, as long as there is an important sensitivity of the results to the 
instrument matrix (De Long and Summers, 1991, González Páramo and Martinez, 2002 and Serrano, 1996).   10 
European countries have conditioned the productive efficiency attained. In the estimation 
carried out, the translogarithmic function has been considered a second-degree 
approximation to an arbitrary function, estimating what is known as an approximate form
14. 
In this case, the first-degree coefficients are the production elasticities of each input.  
The results of the estimation of the model make it possible to test whether public 
capital is a relevant factor to explain private sector production with an elasticity of 0.128, in 
accordance with the evidence included in much of the literature that estimates the 
contribution of this stock
15. The importance of this result is evident, since the size of the 
public capital coefficient is an indicator of the effectiveness of this public investment as an 
instrument of regional policy. One of the main objectives of investment in infrastructures 
has been precisely its contribution to correct the relative insufficiency of public capital in 
European economies, as a way of reducing the gap in income levels with respect to wealthier 
countries.  
The incorporation of human capital as a productive input in the production function 
is frequent in growth analyses, where both positive and negative evidence as to its impact 
has been obtained
16. The findings included in this paper pertain to the latter group: the 
estimation carried out offers no evidence as to the level effect of human capital. On the 
contrary, the elasticity of capital invested in education is not significant, indicating that 
human capital acquired through the educational system is not relevant when attempting to 
explain the increase in economic production levels. The arguments most frequently used to 
justify this type of findings indicate that it may be related to the consideration of variables 
                                                                  
14 See Boisvert (1982) for a description of this transformation. The advantage of the approximate form over the 
exact form is that statistics t associated with the first-degree coefficients in the approximate form allow a 
statistic contrast if the production elasticities are significant.  
15 Revisions of these findings can be found in De la Fuente (2000) and Sturm et al. (1998). 
16 Neoclassic growth models that have included human capital as a productive input (level effect) have 
obtained as much positive evidence (Mankiw, Romer and Weil, 1992, Barro and Lee, 1996) as negative 
evidence (Kyriacou, 1991, Benhabib and Spiegel, 1994) as to its impact.   11 
only related to education as a proxy of human capital (Islam, 1995), that not all the 
knowledge provided by a formal educational system have the same effect on production 
(Serrano, 1996) and, as put forth in much research, the way in which human capital affects 
production is much more complex than its mere inclusion as a productive factor. On the 
other hand, the elasticities obtained for employment and private capital are in accordance 
with those obtained in studies carried for European economies.   
The inefficiency model with fixed and temporal effects (equation 2) enables us to 
examine in depth the determinants of efficiency behavior in the European economies. This 
paper focuses on the influence of public policy in  these countries. The two variables 
analyzed show that inefficiency is positively related to the public capital/ private capital 
ratio, and negatively related to the investment effort in education. These findings allow us to 
highlight the following: firstly, and in regard to public capital, its negative effect upon 
efficiency is compatible with the positive contribution of this stock upon production. This 
indicates that such endowments, in addition to being a positive externality on economic 
growth, are conditioned by the availability of private capital for an efficient resource 
allocation, as well as an improvement in private investment performance
17. On the other 
hand, investment effort in education has contributed to the generation of improvements in 
efficiency levels, in such a way that countries that designate a greater percentage of their 
production to spending in education will achieve greater efficiency in their productive 
activity, favouring the adoption of new technologies.    
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17 Mulligan and Sala-i-Martín (1993) and Sala-i-Martín (1997) consider that the dynamics of transition is of 
such a nature that the growth rate is inversely related with the public capital-private capital relation.    12 
Thus, the value of the parameter ã indicates that the proportion of the variance of  it u  on the 
total compound error is  85.7%, and denotes the error made upon using the average 
production functions where inefficiency differences are ignored.   
The estimation carried out allows us to measure productive efficiency based on 
output in European countries. The efficiency levels (ET) obtained using the stochastic 
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Thus productive efficiency is calculated as the ratio of the production level obtained 
with respect to the maximum obtainable, given the quantity of inputs (that is, when  0 = it u ). 
Its value will oscillate between 0 y 1, being the latter the most favourable case.  
 In Graph 1 the evolution of productive efficiency in the 15 EU is presented. The 
results obtained point to the favourable development experimented by the European  
economy, which intensifies in 1993, moment that initiates a new economic cycle in Europe 
and economic adjustments necessary for monetary union. In 2001 a productive efficiency of 
0.856 is reached, an indication that it is possible to increase production approximately 14 % 
with the productive inputs used and the available technology.  
Productive efficiency for each country is shown in Graph 2, verifying that not all of 
them have benefited equally from the improvements in efficiency.  The countries can be 
classified in three different groups: firstly, Belgium, France, Luxembourg, Netherlands and 
Italy are situated near the technological frontier and undergo few variations with respect to 
this situation. Secondly, Germany and the United Kingdom, followed by Austria, Ireland 
and Denmark, they were not among the countries showing greater efficiency at the 
beginning of the period, but they have maintained a very favourable evolution. Finally, the   13 
third group is made up of countries that have maintained reduced levels of efficiency and 
have not grown like the rest: Spain, Portugal, Greece and Finland. 
 
4. EFFICIENCY CONVERGENCE IN EUROPEAN COUNTRIES:  THE 
TECHNOLOGICAL CATCH-UP HYPOTHESIS. 
The reduction of inequalities between regions and countries is a goal that has 
progressively gained in importance in the European Community, though the difficulties 
related with economic convergence has brought up questions as to the effectiveness of 
regional policy instruments. The interest in convergence among economies has brought 
forward studies dealing with this question
18. Available empirical evidence favours the 
hypothesis of conditional convergence in European economies. Countries with lower per 
capita income tend to grow faster than those with greater per capita incomes, once they are 
controlled by a series of relevant variables
19. Among convergence mechanisms frequently 
taken into consideration, we encounter technological diffusion consisting of the transmission 
of ideas and technology between regions and countries. One way to generate income 
convergence is to allow the technological level of lower income countries to reach that of 
higher income countries; when a technological diffusion process exists, sluggish economies 
will have an advantage in that they can adopt technologies employed in more advanced 
countries at a low cost. 
In this section we will contrast the existence of a technological catch-up effect 
among European countries, using as a point of departure the concept of productive 
                                                                  
18 During the eighties and nineties, regional disparities in the European Union have not tended to decrease; on 
the contrary, they have risen, at the same time that dispersion among countries has decreased (Magrini, 1999, 
López-Bazo, 1999, Giannetti, 2002). 
19 Barro and Sala-i-Martín’s study (1992) and  Mankiw, Romer and Weil (1192) initiate a considerable amount 
of literature explaining the maintenance of international disparities due to the fact that countries possess very 
different economic principles, and, in accordance with the neoclassic model, they converge in the long term 
towards remote equilibrium positions.   14 
efficiency; thus, improvements in a country’s efficiency will be linked to the approximation 
of this country to the efficient frontier and, at the same time, to technological assimilation
20.  
The catch-up hypothesis in terms of efficiency convergence will serve to verify whether the 
process of integration has favoured the access of firms to new technologies, in a market of 
intense exchanges.  It will make possible to characterize the mechanism of technological 
diffusion and analyse the capacity of these countries to incorporate new technologies in their 
productive processes. Moreover, in the framework of the European Union, national 
institutions have been encouraged to dedicate much of their effort to increasing the 
economic conditions for infrastructures and education in order to achieve balanced 
development, on the basis that public policy may affect convergence timing. Thus the 
incorporation of these instruments as conditioning factors of the process of efficiency 
convergence is especially interesting for this analysis.   
To carry out the analysis of the technological catch-up effect, several notions 
concerning convergence defined in literature on the subject will be employed: sigma 
convergence and unconditioned convergence and conditioned beta convergence. The 
objective is to contribute a greater understanding of the implications of this process for 
European countries in order to obtain an inference that may be employed in the design of 
community regional policy.    
In the first place, sigma-convergence has been analysed, using as a point of departure 
the typical deviation of the logarithm of the efficiency indicator, enabling us to extract 
information concerning existing dispersion over time
21.   Graph 3 shows the temporal course  
                                                                  
20 In the studies that estimate Malmquist Indexes, the development of new technologies (innovation) displaces 
the frontier of production possibilities, while the diffusion of this technology contributes to greater efficiency. 
21 Sala -i-Martin (1994, 1996a, 1996b) .   15 
of this dispersion index; over the entire period, the sigma value decreases by approximately 
8%, a rather low value although it is a favourable result in that it indicates that inequalities 
have decreased in the period in question. Nevertheless, we should highlight the fact that 
there is an intensification in convergence between 1993 and 1997, the year in which this 
process undergoes a setback, pointing to the difficulty of maintaining a stable trajectory. 
Next beta convergence is analysed, enabling us to contrast the hypothesis that the 
technological diffusion process is related to the previously existing gap. That is, the greater 
the distance between technology defined on the frontier and the countries’ technological 
level, the  greater the innovation diffusion potential, whether technical or organizational. 
Equation (4) is thus estimated, taking into consideration annual growth rates (T=1). 
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22 .  
To analyze the beta convergence pattern, we shall firstly estimate an unconditioned 
convergence equation, assuming that the constant term is common for all the regions. Chart 
4 shows the results of the estimation of the basic convergence equation (4) for a data pool 
made up of 15 countries in the period 1980-2001. The estimation for the entire period is 
presented in column I, the estimation  for the entire period including a temporal  dummy that  
                                                                  
22 Islam (1995) and Temple (1998) implement the Mankiw, Romer y Weil model (1992) in the data panel 
context, highlighting the fact that this makes it possible to show the observable differences between countries 
in the form of “fixed effects”, thus avoiding the possible bias originating in a problem of omitted variables.   16 
covers the period 1980-1992 and 1993-2001 is presented in column II and, finally, the 
estimation separated in periods: 1980-1992 is shown in column III and 1993-2001 in column 
IV. The estimation method in each case is ordinary minimum squares (OMS). The residues 
do not present auto-correlation problems23, as can be observed in the contrast carried out and 
the standard errors have undergone heteroscedasticity correction, using the covariance 
matrix proposed by White (1980), enabling us arrive at  robust inferences even in the 
presence of  heteroscedasticity.  At the same time, the Wald test confirms the significance of 
the model. 
The sign of the slope of the line adjusted to regression  for the entire period (the 
results of columns I and II lead to the same results) is negative and significantly different 
from 0, indicating that less efficient countries are moving closer to the more efficient 
countries. For the different periods (columns III and IV), it is evident that a convergence 
process exists, but it has not remained constant over time, producing an increase in 
convergence between 1993-2001. This demonstrates that when integration increases, there is 
an intensification in technological diffusion, although the convergence coefficient  (that is, 
the slope of the regression line) suggests that this process is very slow: the value of this 
coefficient (0.0105) indicates that each year European countries eliminate only 1.05% of the 
technological differential existing at the beginning of the period. 
Much of the existing literature argues that  the appearance of slow convergence 
towards a single stationary state could be due to the bias induced by an incorrect 
specification when differences between territories are not included. When a data panel is 
available, the alternative to avoid this problem is to introduce fictitious variables for each 
                                                                  
23 The auto-correlation test of first and second-degree residues contrasts the existence of a model of mobile 
averages distributed asyntotically in accordance with a standardized Normal. This test is developed in  
Arellano and Bond (1991).   17 
country that show the possible differences in long-term efficiency levels, thus obtaining an 
unbiased estimator of the speed of convergence. 
In the first place, the necessity of controlling the specific effects of each country is 
tested.   To do so, contrast F (individual effects) is applied, consisting of the choice of a 
constant model (a restricted model) as opposed to an alternative hypothesis that takes into 
consideration a model with individual effects. In all cases, it allows us to reject the null 
hypothesis of equality in individual effects and, for this reason, we have opted for estimating 
the equation with a data panel. The next step is the Hausman test
24 that corroborates the 
correlation between individual effects and regressors. This is the reason why the estimation 
of instrumental variables is applied on the model transformed in ortogonal deviations, which 
is equivalent to the “intra-group” estimator, maintaining the properties of efficiency and 
consistence when the model, as is our case, is one of “fixed effects”. This is a dynamic 
model, since the regressor is the variable that is dependent on the initial period. For this 
reason, and following Arellano and Bond’s study (1991), we have employed the “optimum 
estimator of instrumental variables in two phases” or the “generalized estimator of moments 
in two phases”
25. The Wald shows the joint significance of the model. In addition, the 
residues do not present auto-correlation problems, as demonstrated by the contrast carried 
out and the standard errors have heteroscedasticity corrections, as previously pointed out. 
The results are presented in Chart 5 which is organized in the same way as the 
previous chart. As is frequent in literature on the speed of technological diffusion, measured 
by coefficient b, it increases considerably, by up to 21% a year.  The results of the 
conditioned convergence equations point towards the convergence of each territory towards 
its own stationary state. By periods (columns III and IV) , it is evident that convergence 
                                                                  
24 See Hausman (1978). 
25 The estimations have been carried out with the D.P.D. package, programmed by Arellano and Bond, 1998.    18 
becomes more intense in the second period. As in the studies on income convergence, the 
omission of fixed effects on the model tends to bias the value of  b towards zero. In so far as 
part of the differential of technical progress among countries is due to non-transferable 
characteristics, or contains important measurement errors, the introduction of dummies 
allows u s to avoid these problems, correcting the bias and elevating the estimated rate of 
convergence.   
Lastly, in this section, we shall examine the influence of public capital and human 
capital on this process of approaching the technological production frontier, attempting to 
identify the conditioners of this approach. We shall therefore introduce these variables as 
additional regressors in the convergence equation (4), along with the individual effects, in 
order to test their influence on convergence intensity.  Following the Hausman test, the 
inexistence of correlation between regressors and individual effects is rejected, and for this 
reason, the estimation method on the transformed model in ortogonal deviations is 
maintained, implementing only the initial efficiency level, since the rest of the regressors are 
considered to be exogenous. The estimated models are, as a whole, significant and their 
residues do not present auto-correlation problems.  
Chart 6 shows the results after implementing the same previous explained estimation 
method. In the literature on convergence, we encounter studies that consider that 
convergence in levels of income per capita, in our case efficiency, is produced among 
groups of countries whose points of departure are similar.  This has given rise to the so-
called “convergence clubs”. In order to test the robustness of the results, the countries have 
been divided into three groups in accordance with the efficiency level at the beginning of the 
period. This allows us to test the possibility of detecting differences in the rate of progress of 
technological diffusion among groups of countries that are initially similar.  Group I   19 
includes France, Luxembourg, Belgium, Netherlands and Italy, the countries closest to the 
frontier. Group II is m ade up of Sweden, Spain, Ireland, Finland and Germany. Finally, 
Group III includes the countries with lower levels of efficiency: Portugal, Greece, Denmark, 
the United Kingdom and Austria. The same estimation has been carried out, and in equation 
(4) we have also included public capital and human capital as variables
26.    
The results show some improvement in the speed of efficiency level convergence for 
the entire economy, given the fact that coefficient b continues to be negative and, in 
addition, increases, perhaps indicating the favourable effects of this capital. However, the 
role of public capital and human as conditioning factors on efficiency convergence in all the 
countries was not confirmed, since none of the variables were significant. 
Groups I and III should be highlighted. These two groups include the countries with 
greater and lesser efficiency levels, respectively, and they show a greater intensity of 
convergence, which could perhaps be interpreted as a polarization of convergence at the 
furthest points. Thus, the countries closer to and farther from the technological frontier show 
greater technological assimilation. As to the variables introduced as conditions, a favourable 
effect can be observed. However, human capital is not significant and, in the case of capital 
in infrastructures, the effect is irregular due to the fact that in more efficient countries a 
positive sign is obtained for its coefficient and, in the less efficient countries, the sign is 
negative. As to the evidence obtained for Group II, the lack of convergence among countries 
should be highlighted, although it is the only group in which the coefficients of public and 
human capital are significant. 
                                                                  
26 There exist a number of studies including public and human capital in the convergence equation of per capita 
income, obtained using the solution of the stationary state in the Neoclassic Growth Model. This is the case of  
Mankiw, Romer and Weil (1992), Bajo (2000) and Aschauer (2000), among others.   20 
5. CONCLUSION.  
The measurement and analysis of productive efficiency in economic activity allow us 
to extract information concerning  the behavior and possibilities of growth in European 
countries, as well as the factors contributing to its improvement. To carry out this 
estimation, frontier techniques have been employed, taking into consideration the role of 
public policies in European countries. The evolution of these policies in the European Union 
has situated public investment in infrastructures and education as the centre of its action. 
This fact has aroused interest in measurement public capital and human capital as well as the 
effects that these capitals has had on the economy. 
In this research we have presented an homogeneous data base that makes possible to 
study  the European economies.  The comparison of the capitalization process in these 
countries shows an important increase in public capital and human capital as well as large 
differences across member countries.   The countries have maintained greater public and 
education investment capacity in relation to their productive a ctivity and population 
although many of them have been unable to situate themselves within the European average. 
The results suggest that the potential impact of public investment in infrastructure 
and education is considerable.  Our findings contribute positive evidence as to the role of 
public capital as relevant factor to explain private sector production. The evidence obtained 
shows the negative effect that the public-private capital ratio has on efficiency. Thus, to 
stimulate the economic growth, it will be necessary to allocate public investment with 
efficiency criteria. In addition, the difficulty of establishing the way in which human capital 
affects production has been highlighted.  On the other hand, investment in education favours 
technological assimilation and, therefore, efficiency gains, favouring the access of 
productive activities to the productive levels of the most efficient countries.     21 
  This paper also presents an empirical analysis to determine the existence of a 
technological catch-up process among countries, although conditioned by factors 
characteristic of European countries. For this reason, the findings point towards the 
convergence of each territory to its own stationary state. In addition, the catch-up process 
has taken place largely in countries situated closer to the efficient frontier.  The contribution 
of public and human capital to efficiency convergence has been difficult to establish and 
more studies are necessary to understand its implication to this process. 
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DATA APPENDIX 
 
TABLE A.  Average Annual Growth Rates , 1980-2001 (%). 






Austria  2.75  0.25  2.21  -0.45  13.063 
Germany  3.14  1.76  1.75  0.36  10.47 
Belgium  1.89  0.33  2.51  -0.14  11.33 
Spain  2.77  1.56  3.93  3.93  26.91 
Finland  3.039  -0.049  1.19  2.204  18.19 
France  2.056  0.52  2.302  3.41  16.69 
Greece  1.59  0.27  1.97  1.97  38.55 
Ireland  5.83  2.14  3.57  3.11  21.22 
Italy  1.61  0.46  1.56  1.078  25.92 
Luxembourg  5.051  2.71  3.24  3.014  14.11 
Netherlands  2.97  2.53  2.25  0.47  7.63 
Portugal  3.29  0.97  5.21  5.21  40.13 
Denmark  2.61  0.39  1.94  -0.89  14.85 
United Kingdom  3.101  0.703  3.29  -0.904  17.88 
Sweden  2.43  0.11  1.069  3.99  16.46 
UE-15  2.55  0.96  2.26  1.0024  14.68 
 
 
TABLE B.  Summary of Statistics 
VARIABLES  Sample 





Minimum  Maximum 
GVA  328066.0839  363972.0992  1.1094  5506.5440  1559755.6183 
LABOUR  10123.0974  10602.9352  1.0474  158.2000  38773.0000 
PRIVATE CAPITAL  800355.5920  893930.5072  1.1169  13172.9342  3340727.1314 
PUBLIC CAPITAL  141043.4265  163121.9304  1.1565  3296.4614  548795.1941 
HUMAN CAPITAL  124745.6598  189047.6687  1.5154  158.3929  997800.8124 
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COUNTRY  1980  1981  1982  1983  1984  1985  1986  1987  1988  1989  1990  1991  1992  1993  1994  1995  1996  1997  1998  1999  2000  2001 
Austria 
0.645  0.642  0.651  0.662  0.663  0.665  0.680  0.678  0.689  0.702   0.710  0.722  0.725  0.722   0.719  0.730  0.732  0.735  0.762  0.773   0.801  0.800 
Germany 
0.865  0.839  0.820  0.822  0.826  0.815  0.809  0.822  0.797  0.789   0.788  0.783  0.800  0.781   0.793  0.802  0.802  0.819  0.932  0.953   0.982  0.976 
Belgium 
0.992  0.990  0.989  0.988  0.990  0.990  0.989  0.988  0.993  0.994   0.994  0.994  0.994  0.992   0.993  0.994  0.993  0.994  0.994  0.990   0.993  0.991 
Spain 
0.816  0.827  0.836  0.843  0.858  0.859  0.880  0.882  0.882  0.886   0.877  0.875  0.871  0.867   0.875  0.871  0.863  0.861  0.800  0.812   0.806  0.801 
Finland 
0.739  0.720  0.703  0.700  0.693  0.695  0.687  0.684  0.690  0.698   0.688  0.674  0.667  0.668   0.685  0.690  0.697  0.711  0.735  0.744   0.766  0.745 
France 
0.982  0.986  0.984  0.984  0.987  0.991  0.991  0.992  0.993  0.994   0.993  0.991  0.990  0.984   0.985  0.984  0.987  0.988  0.978  0.988   0.993  0.991 
Greece 
0.644  0.623  0.630  0.614  0.677  0.614  0.610  0.600  0.612  0.615   0.601  0.624  0.608  0.591   0.592  0.601  0.612  0.625  0.549  0.567   0.585  0.599 
Ireland 
0.847  0.842  0.826  0.806  0.824  0.840  0.798  0.800  0.814  0.835   0.828  0.832  0.848  0.876   0.900  0.922  0.952  0.980  0.881  0.884   0.925  0.904 
Italia   0.996  0.994  0.993  0.991  0.993  0.992  0.993  0.994  0.995  0.995   0.995  0.994  0.993  0.994   0.995  0.996  0.996  0.996  0.989  0.991   0.991  0.991 
Luxembourg 
0.993  0.975  0.947  0.914  0.923  0.907  0.933  0.942  0.967  0.983   0.983  0.967  0.952  0.968  0.983  0.988  0.981  0.985  0.974  0.972   0.983  0.972 
Netherlands  
0.984  0.968  0.947  0.944  0.939  0.915  0.900  0.865  0.862  0.859   0.856  0.849  0.842  0.835   0.841  0.838  0.831  0.833  0.906  0.899   0.902  0.888 
Portugal 
0.553  0.531  0.545  0.533  0.514  0.514  0.530  0.532  0.540  0.557   0.550  0.554  0.568  0.557   0.547  0.557  0.614  0.625  0.540  0.544   0.549  0.548 
Denmark 
0.649  0.638  0.655  0.660  0.680  0.687  0.708  0.700  0.704  0.704   0.700  0.694  0.697  0.696   0.715  0.720  0.727  0.744  0.766  0.768   0.792  0.785 
U.Kingdom 
0.684  0.740  0.787  0.831  0.870  0.934  0.956  0.971  0.984  0.977   0.965  0.947  0.942  0.960   0.976  0.980  0.986  0.993  0.988  0.979   0.989  0.989 
Sweden 
0.948  0.904  0.891  0.884  0.875  0.861  0.853  0.849  0.840  0.834   0.811  0.797  0.806  0.809   0.841  0.862  0.857  0.858  0.864  0.860   0.878  0.857 
UE-15 
0.822  0.815  0.814  0.812  0.821  0.819  0.821  0.820  0.824  0.828   0.823  0.820  0.820  0.820   0.829  0.836  0.842  0.850  0.844  0.848   0.862  0.856   29











NOTE.  C : CAPITAL, GVA:  GROSS VALUE ADDED, PO:  POPULATION, EDU: EDUCATIONAL, EXPEND: EXPENDITURE. 
Source:  Alvarez I. and M.J. Delgado (2002), Estimación del Capital Público, Capital Privado y Capital Humano para la UE-15, Documento de Trabajo del 













HUMAN. C. /        
GVA
HUMAN. C./                 
PO
EDU.EXPEND./              
GVA
AUSTRIA 81.186,68 4,08 71,81 10,42 23,31 56.312,59 2,73 44,02 7,09 5,90
GERMANY 485.411,53 24,37 46,66 6,08 17,35 447.062,76 21,69 38,51 5,54 4,51
BELGIUM 61.923,45 3,11 43,14 6,19 19,13 68.601,78 3,33 44,10 6,80 5,48
SPAIN 143.335,93 7,20 34,19 3,68 15,32 112.426,51 5,45 23,54 2,85 4,04
FINLAND 42.722,59 2,15 64,81 8,53 16,35 27.873,57 1,35 37,56 5,47 6,05
FRANCE 336.362,64 16,89 38,48 5,92 15,07 320.808,08 15,57 34,52 5,57 5,65
GREECE 32.134,82 1,61 43,19 3,15 18,85 28.117,24 1,36 34,90 2,66 3,49
IRELAND 6.019,58 0,30 15,90 1,68 7,44 15.206,72 0,74 30,70 4,16 5,51
ITALY 237.340,61 11,92 29,11 4,17 10,88 262.778,99 12,75 29,61 4,58 4,92
LUXEMBOURG 4.446,10 0,22 51,13 11,30 25,39 3.101,19 0,15 29,67 7,61 5,40
NETHERLANDS 76.921,31 3,86 36,50 5,13 14,23 137.853,01 6,69 61,17 9,08 5,97
PORTUGAL 30.913,50 1,55 36,86 3,08 16,45 29.635,24 1,44 29,42 2,92 4,95
DENMARK 50.797,08 2,55 72,03 9,81 28,21 43.867,31 2,13 54,91 8,38 7,71
UNITED KINGDOM 362.995,29 18,23 44,96 6,26 13,11 293.116,91 14,22 33,35 5,00 4,99
SWEDEN 38.966,96 1,96 30,44 4,52 10,66 214.322,99 10,40 37,21 5,68 7,42
UE-15 1.991.478,07 100 40,64 5,62 14,91 2.061.084,89 100,00 34,71 5,29 5,47  30 
TABLE 2: Specification Contrasts. 
NULL HYPOTHESIS  LOG.F. LIKELIHOOD  VALUE  l l  CRITICAL 
VALUE 
DECISION (90%) 
0 : 0 = jh H b  
0 ... : 37 0 0 = = = = d d g H  
0 : 2 1 0 = =d d H  
0 ... : 37 3 0 = = = d d H  























TABLE 3: Translogarithmic Production Function (Battese y Coelli, 1995) 



















































































































Log. F. Likelihood    573.13003   
* Parameter significant at 90%. 
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TABLE 4.  Convergence Regression. Dependent Variable: ln(eit/eit-1) 
 
  Data Panel Model.  OLS “Pooled” 
  1980-2001  1980-2001(D)  1980-1992  1993-2001 
Constant 
) ln( 1 - it e  














Test Wald Significance 



















D.F. = degree of freedom. T-statistics in brackets. 
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TABLE 5.  Convergence Regression. Dependent Variable: ln(eit/eit-1) 
  Data Panel Model with Fixed Effects 
  1980  1980-2001 (D)  1980-1992  1993-2001 
 
) ln( 1 - it e  













Test F. Individual effects 
Test Hausman 
Test Wald Significance 
Autocorrelation (first and 
second degree) 
F(14,299)=4.29 
013 . 33 ) 1 (





36 . 40 ) 2 (





613 . 45 ) 1 (





68 . 15 ) 1 (




D.F. = degree of freedom. T-statistic in brackets.  
* parameter significant at  90%. 





TABLE 6.  Determinants of Convergence. Dependent Variable: ln(eit/eit-1) 
  Panel Data Model with Fixed Effects 
  UE-15  GROUP I  GROUP II  GROUP III 
 




















Test F Individual Effects 
Test Hausman 
Test Wald  Significance 




75 . 35 ) 3 (





901 . 11 ) 3 (





054 . 11 ) 3 (





141 . 10 ) 3 (




D.F. = degrees of freedom. T-statistic in brackets.  
* Parameter significant at 90%. 
** Parameter significant at  95%. 
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